To study the transcriptional regulation of the human complement component C7, a 1 kb promoter fragment was cloned and the transcription start site was determined. C7 is expressed by the hepatoma-derived cell line Hep-3B, but not by Hep-G2. Transfection of these cell lines with different C7 promoter-luciferase constructs demonstrated that 1 kb of the 5 0 -flanking region contains the necessary elements for driving C7 transcription in a tissue-specific manner and showed that the sequence between À29/+102 retained the majority of C7 promoter activity in Hep-3B. Electrophoretic mobility shift assays suggested that the binding of the C/EBPa transcription factor to a C/EBP sequence located at +42 is essential for C7 expression. To investigate whether the absence of C/EBPa expression in Hep-G2 cells is responsible for the lack of C7 transcription, Hep-G2 cells were transfected with a C/EBPa expression vector. C/EBPa transactivated the C7 luciferase reported gene and restored the C7 expression in Hep-G2 cells.
Introduction
C7 is a terminal component of complement which interacts in a sequence of polymerization reactions with other terminal complement components (C6, C8 and C9) to form a membrane attack complex (MAC). 1 The formation of the MAC creates a pore in membranes of certain pathogens that can lead to their death. C7 plays a central role in the MAC cascade, since its incorporation into the nascent complex allows its hydrophilic-amphiphilic transition which permits the direct binding to the target membrane. 2 The liver is the main organ responsible for the synthesis of C7. 3 The contribution of the liver to C7 serum levels has been estimated to be about 50%. 4 However, the hepatic-derived cell line Hep-G2 fails to synthesize several terminal complement components such as C6, C7 or C9. 5, 6 C7 is also expressed in a variety of cells, such as monocytes, macrophages, polymorphonuclear leucocytes, fibroblasts, umbilical vein endothelial cells, platelets and cells of the central nervous system. [7] [8] [9] [10] [11] [12] [13] C7 is not regulated as an acute phase protein like other complement proteins and, accordingly, no induction of its expression is detected in vitro in response to IL-1, IL-6, TNF-a or IFN-g. 6, 14 It has been suggested that this differentiated regulation of C7 may play a role as a limiting factor for MAC formation, and C7 may serve as a modulator of complement formation and activity. Thus, the synthesis of C7, mainly for monocytes, macrophages and polymorphonuclear cells at the site of inflammation, appears to be a limiting factor for MAC activation.
In spite of the important role of this protein in the complement formation and the innate defence against microorganisms, little is known about the regulation of C7 expression. In this study the promoter region of the human C7 gene was cloned and functionally characterized.
Results
Cloning and characterization of 5 0 flanking region of human C7 gene C7 promoter was isolated from the Human YAC library. The C7 5 0 flanking region was isolated from one C7-positive YAC clone (14AH8) by randomly primed PCR. Three overlapping clones of the human C7 5 0 flanking region of 719, 815 and 994 bp were amplified from this C7-positive YAC clone. All products contained the sequence of 5 0 untranslated region (5 0 UTR) of the previously described cDNA sequence. 1 The transcriptional start site was determined in human liver total RNA and in the hepatoma cell line Hep-3B by 5 0 RACE. Products from the nested PCR were cloned and at least five different clones from each RNA were sequenced. All 5 0 RACE products obtained from the liver and Hep-3B were identical in size and their sequence exactly matched with such previously isolated from the YAC clone 14AH8 (Figure 1 ). These data suggest that the human C7 gene has a single transcription start site in the liver located 115 bp upstream from the initiation codon.
Sequence analysis of the 5 0 region of human C7 gene The analysis of consensus binding sites for transcription factors revealed that human C7 presents a canonical TATA box (at À28, TATATAT), and lacks an identifiable initiation element (Figure 2 ). C7 promoter includes several potential binding sites for cis-acting factors, such as the one for the NF1 transcription factor (at À21, GAGTGCCAAGA), 15 four AP-1 sites (at À882, CCTGACCTCTT; at À635, AATGACCCTGA; at À490, GATGACTATTG; at À418 AGTGACAGAAC) 16 and presents a sequence homologous for hepatic-specific transcription factors, such as three sites for the nuclear factor for IL-6 expression C/EBP 17 (at À779, AAATCTTGCAAAAT; at À576, TTCTTGAGAAAATT; at +42, TGCTGTTGAAAACT) and two sequences for the hepatic factor HNF3 (at À402, TTAAATATTTTCTTT; and at À385, TAAAATATTTAATCT). 18 Functional analysis of C7 promoter RT-PCR and ELISA were used to assess C7 expression in two hepatoma cell lines (Hep-G2 and Hep-3B) and the fibroblasts cell line M1. C7 RNA and protein (94 7 80 ng/10 6 cells/48 h) were only detected in Hep-3B cells. No expression of C7 was detected in M1 and Hep-G2 cells (data not shown). To determine whether the 1 kb 5 0 flanking the necessary elements for basal C7 promoter activity, serial 5 0 deletion of the C7 promoter were constructed by PCR and cloned upstream of the promoter-less luciferase reporter gene (pGL2-Basic). Hep-3B, Hep-G2 and M1 cells were cotransfected with the 5 0 deletion promoter constructs and pRL-TK. None of the promoter deletions were able to induce promoter activity in M1 and Hep-G2 (data not shown). C7 promoter constructs were only able to promote . Deletion from À241 to À67 resulted in a marked increase in promoter activity, suggesting the presence of a negative regulatory element in this sequence. Further deletion from À67 to À29 does not affect promoter activity. However, the deletion between +102 and +19 decreased promoter activity near to baseline. These data suggest that the regulatory elements important for basal C7 activity are contained between À29 and +102 and that these sequences are negatively regulated by the segment À241/À67.
Identification of the sequence essential for driving transcription in Hep-3B cells
In an attempt to determine the transcription factors that are responsible for the transcription activity of the C7 promoter, we conducted a series of gel retardation experiments using an end-labelled probe corresponding to the C7 sequence +19/+102. This probe was incubated with similar amounts of nuclear extracts from M1, Hep-G2 and Hep-3B cells. As shown in Figure 4 one complex appeared exclusively with the Hep-3B nuclear extract. Competition experiments were carried out with a 100-fold molar excess of unlabeled double-stranded oligonucleotide PE1 which spans À77 to À55 of the C6 promoter and includes a functional C/EBP site; 19 and an oligonucleotide PE2 which spans +38 to +60 of the C7 promoter and includes the putative C/EBP site. Both oligonucleotides compete with the complex, suggesting that a transcription factor or factors bind to the C/EBP site at +42 in the C7 promoter.
C/EBPa is not expressed in Hep-G2. 19 To analyse whether C/EBPa plays a role in C7 expression and whether its absence in Hep-G2 is responsible for the lack of C7 expression in these cells, Hep-G2 was transfected with a C/EBPa expression vector (hCMV-C/EBPa) and the expression of C7 was analysed. The transfection of the C/EBPa expression vector restored the expression of C7 to both mRNA and protein ( Figure 5A ). To assess the effect of C/EBPa at a transcriptional level, Hep-G2 was One complex appeared exclusively with Hep-3B extracts. This complex competed efficiently by a 100-fold molar excess of oligonucleotide PE1 (which spans À77 to À55 of the C6 promoter and includes a functional C/EBP site) and PE2 (which spans the +38/+60 of the C7 gene and includes a putative C/EBP site).
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S González et al cotransfected with the hCMV-CEBPa and C7 reporter gene constructs. The expression vector dramatically transactivates the expression of the reporter gene (À911/+102) ( Figure 5B ). The deletion of the promoter region from À911 to À29 did not affect the capacity of transactivation, but further deletion from +102 to +19 completely abolished the transactivation capacity of the expression vector.
Discussion
In the present study we have analysed the tissue-specific regulation of human C7 in hepatic cells. For this purpose, the human C7 promoter was cloned and the transcription initiation site in liver and Hep-3B cells was mapped.
To examine the cis-acting elements controlling the transcription of C7, a series of hybrid C7 promoterluciferase constructs were generated. These constructs were able to promote transcription in a tissue-specific manner, suggesting that the regulation of the expression of C7 is primarily controlled by transcription. Our results suggest that the sequence between À29 and +102 retains the majority of the promoter sequence necessary to drive the transcription of C7 in a tissue-specific manner. This minimal promoter fragment includes a TATA box, the transcription start site, an NF1 site and part of the 5 0 UTR. The deletion between +102 and +19 decreased the expression of this minimal promoter to near baseline, suggesting an essential role of this sequence in tissuespecific expression. EMSA analysis showed that a complex binds to this sequence in Hep-3B cells, but that complex is not present in M1 or Hep-G2 which do not express C7. A search for homology of the binding sequence with previously reported transcription factor binding sites showed that this fragment contains a sequence homologous to C/EBP (90% homology). 16 A family of transcription factors may bind to the C/EBP sequence. Six different members of the family have been isolated and characterized (C/EBPa to z).
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All family members share highly conserved DNA binding specificity. They homodimerize or heterodimerize to bind to the C/EBP site. In spite of the fact that C/EBPa is a hepatic transcription factor, it is only expressed in terminally differentiated and growth-arrested cells, and not in proliferating cells or in the majority of cell lines. Hep-G2 cells contain roughly 5% of the C/EBPa content of hepatocytes. C/EBPa plays an essential role for the hepatic expression of several genes and low basal levels of expression of these genes in Hep-G2 have been reported. 21, 22 We have previously shown that the hepatic transcription factor C/EBPa plays an essential role for the hepatic expression of the terminal complement component C6. 19 The binding of C/EBPa to a C/EBP sequence in the C6 promoter is essential for the hepatic expression of C6. C6 and C7 are mainly synthesized by the liver and are not synthesized by Hep-G2 cells. However, Hep-3B, which synthesizes C/EBPa, has Human complement component C7 S González et al normal expression of C6 and C7. The competition experiments suggest that C/EBPa binds to the C/EBP sequence located at +42 in the C7 promoter and that it is part of the complex found in the EMSA experiments (Figure 4 ). These data suggest that C/EBPa may also play an essential role in C7 hepatic expression and that negligible expression of such in Hep-G2 is responsible for the lack of expression of C7 in this cell line. Accordingly, the transfection of Hep-G2 cells with the C/EBPa expression vector dramatically transactivated the transcription driven by the C7 promoter and restored the expression of C7.
C7 expression is not increased in vivo in the course of an acute phase response.
14 In agreement, we have not detected C7 induction in response to cytokines involved in the acute phase response (IL-1, IL-6, TNF-a and IFN-g ) in Hep-G2 or Hep-3B cells (data not shown). The family of C/EBP transcription factors may also participate in this differentiated regulation. C/EBP transcription factors do not only participate in the liver-specific expression. In several genes, they are intermediates between liver-specific expression and acute phase response. 23 In the human C3 promoter, C/EBPa is replaced by C/EBPd following IL1 stimulation and mediates IL1 responsiveness. 24 C/EBPb also mediates the effect of IL6 in several acute phase genes. 25 The induction of both C/EBPb and C/EBPd by inflammatory stimuli occurs in most of the tissues analysed including macrophages and granulocytes. 23 Thus, the synthesis of C7, mainly by macrophages and polymorphonuclear cells, could also be specifically regulated by C/EBP family members at the site of inflammation. Further analysis is needed to clarify the regulation of terminal complement components.
Materials and methods
Rapid amplification of cDNA ends (5 0 RACE) of human C7 The 5 0 end of the human C7 gene was determined with the 5 0 RACE using total cellular human liver and Hep-3B RNA as described elsewhere. 26 The oligonucleotide (5 0 ATAGAAGTC CCACTGGCA 3 0 , located at +99 1 ) was used to generate 5 0 end dA-tailed cDNA. The cDNA was amplified by PCR using an adaptor primer (5 0 ATT-TAGGTG ACACTATAGAATACGTCGACATCGATGG (dT 18 ) 3 0 ) and primer (5 0 -AGAGGA GGCACTT-GAAAAACTTTGGA 3 0 , located at +72). The PCR profile was 941C for 1 min and 35 cycles at 941C for 1 min, 601C for 1 min and 721C for 1 min followed by an extension at 721C for 5 min. The resulting PCR products were reamplified using the adaptor primer and GSP5 (5 0 AACTCTCCTATAAATCCCAC 3 0 , located at +47) with the follow cycling conditions: at 941C for 1 min and 35 cycles at 941C for 1 min, 501C for 1 min and 721C for 1min followed by an extension at 721C for 5 min. The PCR products were cloned into pBlue-Script vector and sequenced using M13 universal and reverse primers.
Cloning of human C7 promoter The C7 promoter was isolated from an ICI Human YAC library. 27 The YAC library was screened by PCR using the primers (sense: 5 0 GGGAGAGGCAGAGAGGCA 3 0 ; antisense: 5 0 TTCAGGGCAGAAGAGAGGAG GAA 3 0 ) specific for the human C7 sequence. 1 The promoter region was amplified from those YAC clones containing human C7 gene using the unpredictably primed PCR (UP-PCR). 28 The nested primers (5 0 TTCAGGGCAGAA-GAGAGG AGGAA 3 0 , located at +102 from the transcription start site, and 5 0 AAGATTTCC TCT GTAAGGG 3 0 , located at +81 from the transcription start site) specific for the 5 0 UTR of the C7 gene were used in combination with the adaptor primer C69 (15 0 (T) 14 GTTTGTTCT(G) 7 TT3 0 ). Primary PCR reactions were performed with C7-positive YAC DNA as template and GSP1 and C69 as primers at 941C for 1 min and 35 cycles at 941C for 1 min, 58-681C for 1 min and 751C for 1 min followed by an extension at 721C for 5 min. The primary PCR products were diluted 1:100 and 2 ml was reamplified with the nested primers GSP2 and C69. The PCR products were gel-purified and cloned in the EcoRV digested pBlue-Script plasmid. At least three different PCR products were sequenced from each PCR amplification. Analysis of transcription factor binding sites was made using the program TRANSFAC database. 29 
Analysis of C7 expression
The ELISA procedure for the quantification of C7 has been described elsewhere. 30 Two micrograms of total RNA was reverse transcribed using oligo(dT) 18 primer and Superscript II reverse transcriptase (Life Technologies, Inc.) in a 20 ml reaction. The resulting cDNA was amplified using primer specific for the human C7 gene Generation of promoter-luciferase constructs Seven fragments containing various lengths of the human C7 promoter were obtained by PCR. The PCR products were cloned into the SmaI site of the promoterless pGL2-Basic firefly luciferase reported vector (Promega). 19 The deletion constructs were sequenced prior to use in a reporter assay.
Cell culture, transfection and luciferase assays The human hepatic cell lines Hep-G2, Hep-3B and a fibroblast cell line M1 were grown in DMEM medium supplemented with 10% of FCS. Confluent cells (40-60%) were cotransfected with the C7 promoter-luciferase vectors and pRL-TK (Promega) which contains the herpes simplex virus thymidine kinase promoter region upstream of the Renilla luciferase gene (ratio 50:1). Cells were transfected using LipoFectAMINE (Life Technologies, Inc.) The luciferase activities of the constructs were analysed 48 h after transfection using Dual-Luciferase TM Reporter Assay system (Promega) and Turner Designs luminometer. The promoter activity was normalized using the cotransfected plasmid pRL-TK.
Preparation of nuclear extracts and electromobility shift assay (EMSA) The method of Dignman et al, 31 as modified by Andrews et al, 32 was employed for the preparation of nuclear extracts. DNA binding reactions were performed as described elsewhere. 19 For competition experiments, a 100-fold molar excess of unlabelled competitor was preincubated with the nuclear extracts at 301C for 15 min before adding the radioactive probe.
